We have previously indicated a marked influence of the vagus nerve on postprandial pancreatic polypeptide secretion. The present study was designed to determine whether the vagus nerve also plays a role in the regulation of pancreatic polypeptide secretion by absorbed nutrients. The pancreatic polypeptide responses to 17 intravenously administered amino acids, as well as arginine and glucose, were measured and compared with those 1 year after truncal vagotomy in conscious dogs. In response to the infusion of a mixture of amino acids (20g during 60min), plasma pancreatic polypeptide concentrations decreased in normal dogs. The effect was, however, completely reversed by vagotomy, with a significant pancreatic polypeptide release being observed (p < 0.05). Arginine (5 g during 60 rain) also showed a similar, although not statistically significant, effect. After intravenous bolus-injection of glucose (0.5 g/kg body weight), a transient decrease of pancreatic polypeptide secretion was found; vagotomy abolished this response. These results suggest that the vagus nerve may have a suppressive role in the process of pancreatic polypeptide secretion induced by intravenous amino acid(s) and glucose.
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Pancreatic polypeptide (PP) is a 36-amino acid linear polypeptide derived primarily from the pancreas. So far, data concerning PP release are consistent with the hypothesis that vagal cholinergic innervation of the pancreas is necessary for effective release of this peptide. Activation of vagal cholinergic mechanisms results in PP release.
PP is released by food, especially by protein rich meals in a biphasic pattern. This postprandial PP response is mediated both by vagal and non-vagal cholinergic mechanisms. Muscarinic cholinergic-neural transmission must be involved [1] [2] . However, studies of the effects of absorbed nutrients on PP secretion are few and still inconsistent, with discrepancies between in vivo and in vitro investigations being reported. Therefore, the purpose of this study was to evaluate the influence of the vagus nerve on PP secretion by intravenously administered amino acid(s) and glucose.
Materials and methods

Experimental protocols
Six adult mongrel dogs weighing about 12 kg were used for the study. All were healthy, well-conditioned, and fasted for 16 h before the experiment. Indwelling butterfly needles were inserted in each vein of the two forelegs. Blood samples were collected at -20, -10, 0, and between 5 (or 2.5) and 120min. The following three protocols were performed in each dog while in the conscious state: (a) Intravenous administration of 17 amino acids: 20 g of an L-amino acid solution in 0.21 (12% Ispol, Daigo, Japan) was infused at a constant rate for 60 rain. (b) Intravenous administration of arginine: 5 g of L-arginine in 0.21 saline (0.9%) was infused at a constant rate for 60 rain. (c) Intravenous administration of glucose: glucose, 0.5 g/kg body wt., 25% solution, was injected as a bolus within 30 s.
After completion of these studies, a bilateral transthoracic truncal vagotomy with Heineke-Mikulicz pyloroplasty was performed on the dogs. One year after the surgery, the three study protocols were repeated. Completeness of vagotomy was assessed endoscopically with a modification of a test [3] employing congo red dye; that is, no significant color changes due to the secretion of gastric acid induced by insulin hypoglycaemia were observed after total vagal denervation. Absence of PP response to insulin hypoglycaemia was also observed in successful cases.
Chemical analyses
Blood samples (t8ml) were collected in test tubes containing 400 KIU of aprotinin (Trasylol, Bayer, Japan) and 1.2 mg EDTA in a total volume of 0.2 ml. After centrifugation, plasma aliquots were rapidly frozen for subsequent PP assay. Blood glucose was assayed by the glucose oxidase method. Radioimmunoassay measurements were performed in duplicate. Plasma PP was measured with a doubleantibody radioimmunoassay as previously reported [4] . The lower limit of detection was 7.1 pmol/1. Intra-and interassay coefficients of variation were 6.6 and 10.9% respectively. 
Statistical analys&
Results are expressed as means_standard error. Student's paired t-test was used, with p < 0.05 considered significant.
Results
Effect of in tra venous infusion of 17 amino acids
During infusion of a mixture of amino acids, plasma PP concentrations decreased significantly from 55.7+ 9.5 pmol/l to 43.8 + 9.5 pmol/1 within 5 min (p < 0.01) and remained below basal levels at 10, 20, 30, 40 and 50 min (p < 0.05); thereafter, a gradual restoration toward basal levels of the preoperative study was observed ( Fig. 1) . In contrast, vagotomy produced quite a different pattern of PP response. The basal levels decreased significantly after vagotomy (p < 0.05). However, a sharp PP increase was shown after the start of amino acids infusion, reaching a peak of 62.4+_ 12.1 pmol/1 at 50 min (p < 0.01 at 5 and 10 min, p < 0.05 at 50 and 60 min). Following cessation of the infusion, plasma PP concentrations declined to the preinfusion levels at 120 min.
Effect of intravenous arginine infusion on PP response
Changes in PP concentrations after arginine infusion alone were not as marked as compared with those after amino acid infusion. Although the PP response after arginine infusion showed a small decrease before vagotomy, the PP levels increased after vagotomy without reaching statistical significance (data not shown).
Effect of intravenous glucose injection
Glucose injection resulted in a peak blood glucose concentration of 12.3 _ 1.2 mmol/1 at 2.5 rain before vagotamy and 13.7+__0.6mmol/1 after vagotomy (Fig.2) . Thereafter, glucose concentrations fell similarly to basal levels over the next hour in both studies. In the preoperative study, glucose injection was followed by a slight decrease of plasma PP concentrations which remained constant during the first 30min (p <0.05 at 5 min). However, PP concentrations after vagotomy in response to glucose administration did not change.
Discussion
We have shown that a substantial decrease of PP secretion occurs during infusion of a mixture of 17 amino acids in normal dogs. This suppressive effect was totally absent after complete vagotomy; conversely, a significant increase of PP secretion was observed. Infusion of arginine also showed a similar effect, suggesting that amino acid(s) can inhibit PP release indirectly via the vagus nerve. Amino acids are known PP secretagogues in in vitro studies using the isolated perfused porcine [5] or canine [6] pancreas or pancreatic tissue slices [7] . However, these in vitro data are in contrast with the failure to demonstrate increased plasma PP concentrations in man [8] and pig [9] , including our canine study in vivo, but are in accordance with the present results after vagotomy.
After intravenous glucose administration, we observed a transient fall of plasma PP concentrations, a finding which has been previously shown [1] . This suppressive effect was abolished after truncal vagotomy. The results after vagotomy are also in accordance with in vitro experiments in which release of PP in the dog pancreas was unaffected by high (or low) glucose concentrations in the perfusing or bathing medium [1, 6, 7] . These observations suggest a complex interplay of the vagus nerve in vivo, with the vagal cholinergic tone appearing essential for the physiological control of PP secretion [2, 10] induced by circulating nutrients.
Thus, our findings that plasma PP concentrations were inversely altered before and after vagotomy during intravenous administration of amino acid(s) and glucose may indicate a suppressive role of the vagus nerve, and probably higher brain centers, in the nutrient-mediated PP secretion. However, the detailed mechanism and physiological significance of this action are being reserved for subsequent studies.
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